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(57)Ab8(ract 

A system utilizing a digital computer 
f(ff acquiring* storing and evaluating crystal 
images. The system includes a video cam- 
era (12) which produces a digital output sig- 
nal r^iesentadve of a aystal specimen po- 
sitioned widiin its focal window (16). Hie 
digitized output from the camm (12) is 
dien stored on data storage media (32) to- 
gether with other paiameters inputted by a 
technician and relevant to the crystal spec- 
imen. Preferably, die digitized images are 
stored on removable media (32) while tbc 
parameters for diffo^t crystal specimens 
are maintained in a database (40) widi In- 
dices to die digitized c^tical images on die 
odier data storage media (32). Computer 
scrftware is dien utilized to identify not only 
the presence and number of ciystals and die 
edges ctf tfaeciystBl specimens from die op- 
tical fani^ but to also rate die crystal spec- 
imens by various parameteis, such as edge 
straifjitness. polygon fonnadon. aqvect 
tio. surfsce clarity, ciystal cracks and odier 
defects or lack diereof, and odier parame- 
ters relevant todie quaHly of the crystals. 
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METHOD FOR ACQUIRING, STORING 
AND ANAI.VZINC rRVSTAT TMACTQ 

Background of the Tnyftntipn 
1. Field of the Invention 
5 The present invention relates to a computer controlled system which 

acquires, stores and analyzes ciystal images and other parameters relevant to the 
crystals, or microscopic details of other q>ecimens. 

n. Description of the Prior Art 
In many chonical, pharmaceutical and medical applications crystals, e.g« 
10 protein crystals, are grown in trays for subsequent evaluation by a lab technician 
or scientist (honeinafter collectively referred to as '^technician**). In evaluating the 
ciystals once grown, the lab technician examines the crystals und^ the microscope 
and then visually evaluates or rates individual crystals. The straightness of the 
crystal edges, size of the crystal, presence or absence of flaws in the crystal as well 
IS as other crystal parameters are used by the technician in his or her rating process. 
The technician may also maintain notes of other parameters, such as pH, crystal 
growing time, temperature, et cet^ which are relevant to the particular crystal. 

In some instances, the technician will take and maintain a photograph of 
the particular crystal imd^ examination. The photograph is thrai stored along with 
20 the notes relevant to the particular crystals in the particular tray. 

This previously known system for evaluating and rating crystals is 
disadvantageous for a numb^ of reasons. Most prominently, the crystal 
evaluation and rating system is labor intensive and, thus, not only slow and 
expensive in labor costs, but also tedious for the technician. 
25 A still further disadvantage of these previously known systems is that the 

photographic record used for the examined crystal is expensive in material costs 
fiom the photogr^hic process. Furthermore, photographs by their v^ nature are 
easily damaged and also deteriorate over time. 

A still further disadvantage of ttie previously known mefliod for evaluating 
30 and rating crystals is that no eflScirat means or system has been previously known 
for ax)ss-referencing the various crystals and oystal parameters relative to each 
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other. Instead, the photognq)hic picture as well as the other parameters relevant 
to the particular picture are simply maintained separately 6om the crystal 
specim^. 

Summary of the Prfismt Tnvention 
S The preset invmtion provides a system utilizing a digital computer which 

ovOTComes all of the above-mmtioned disadvantages of acquiring, storing and 
evaluating crystals, such as protein crystals, or microscopic details of other 
specimens. 

In brief, the pr^rat invention utilizes a video camera which provide a 

1 0 digital output signal rq)resentative of an object, in this case crystals maintained 
within a tray, positioned withm its focal window. Prefoiably, a central computer 
controls a movable stage to sequentially position trays in the focal window. The 
camera is operated imdCT flie control of a central computer which not only 
activates the initiation of the image acquisition by the camera, but also stores the 

15 output from the camem in digital form on data storage media. Preferably, the 
optical image from the video camera is stored on removable data storage media, 
such as a JAZZ™ drive, ZIP™ drive or CD ROM, etc.. 

In addition to storing the acquired optical image from the video camera, 
the technician, via a computer keyboard, mouse or other computer input means, 

20 also inputs data corresponding to parameters relevant to the particular crystal 
specimen und^ examinatioit Such parameters can include, for example, the pH, 
temperature, duration of crystal growth, et cetera for the particular crystal 
specimeiL Additionally, the computer software preferably provides input template 
configurations to simplify the data input of the parameters by the technician and 

25 thus avoid or at least minimize the redundant input of information for different 
trays having similar parameters. 

The various stored parameters may also be stored with the optical image 
on the data storage media. However, more preferably, the parameters relevant to 
the crystal specimens are stored in a database on one data storage media, for 

30 example a hard drive, with an index or record pointer to the appropriate image 
stored on the removable drive with the optical images. In this fashion, a large 
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database of the various crystal parameters may be maintained and analyzed 
relative to each other witti access to the optical images always available as 
required or desired. 

Following acquisition of the optical image as well as the other crystal 
5 parameters, the computer is programmed to analyze the optical image for the 
presence and count of protein crystals. As a part of the evaluation, the computer 
program identifies the edges of the crystal, filling in any gaps of the edge where 
necessary, and than analyzes the resulting data for its perimeter symmetry and 
roughness, straightness, crystal size, presence or absence of defects and center of 

10 gravity. The crystal rating is thm stored in the data base. 

Preferably, the present invention utilizes a fast T-squared filer during its 
analysis of the optical image m order to grade the crystal. Alternatively, tiie 
present invention utilizes a 3x3 edge detection filter during its analysis of tiie 
optical image in order to idaitify the crystal edges, then the image is converted to 

15 a binary image with a tiireshold of approximately 40 on a scale of 0 to 255 to 
reduce image artifacts. The size of the crystal is determined via perimeter 
connectivity analysis. Objects with a small perimeter are excluded. The net 
resulting image is analyzed for its roughness which is a measure of the perimeter 
divided by the convex perimeter. Hiis metric is used to isolate the crystal from 

20 the drop boundary and other artifacts. The center of gravity is calculated on tiie 
remaining data to pinpoint the crystals. 

Alternatively, other metiiods may also be used to grade the crystal based 
upon metrics such as edge straightness, aspect ratio, sur&ce clarity, polygon 
formation, color etc. These metiiods include the use of traditional spatial filters 

25 such as highpass, lowpass, Butterwortii, homomorphic, Sobel, L^lacian, etc. 
Probabilistic restoration such as least mean square (Wiener) filters, &st T-squared 
filters, spatial transformations, frequency transformations, etc. can be used. Edge 
linking and boundary detection using Hough Transforms, **Line-filler'' filters, 
thresholding, etc. can be used. Representation and description using Fouri^ 

30 descriptors, topological descriptors, texture descriptors, statistical descriptors, 
moments, matiiematical morphological descriptors, etc. can be used. Recognition 
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using minimum distance classifiers, correlation classifiers, statistical classifiers, 
Bayesian classifiers, neural networks, genetic algorithms, etc, can be used. 

Brief Description of the Drawing 
A better understanding of the presmt invention will be had upon referaice 
5 to the following detailed description when read in conjunction with the 
accompanying drawing, wherein like reference characters refer to like parts 
throughout the several views, and in which: 

FIG. 1 is a block diagrammatic view illustrating a preferred embodunent 
of the present inventioi^ 
1 0 FIG. 2 is an exemplary image of a crystal; and 

FIGS. 3 through 6 are flow charts illustrating the operation of the system 
of the present invention. 



Detailed Description of a Preferred 
EmhodimCTt of the Pm^ft nt Tnventinn 

1 5 With reference first to FIG. 1 , a block diagranunatic view of a preferred 

embodiment of the system of the preset invention is there shown and comprises 
a video camera 12 which, upon activation, generates a signal on its ou^ut line 10 
representative of the optical image in its focal window 16. A tray 18 containing 
the crystals under examination is positioned within the focal window 16. 

20 Although the tray 1 8 can be positioned manually within the focal window 

16 of the camera 12, in the preferred embodiment of the invmtion, preferably a 
plurality of trays 18, e.g. two trays, are positioned on a movable stage at a time 
and each tray contains twenty-four to ninety-six wells while a motorized 
mechanism 20 is used to control the position of the stage 22. A central piocessmg 

25 unit or computer 24, under program control, then controls the activation of the 
motorized mechanism 20 by generating appropriate signals on line 25 and thus 
controls the position of the stage 22. In doing so, the motorized mechanism 20 
automatically sequentially positions the individual wells 18 within the focal 
window 16 of the camera 12 so that an optical image of each well 18 is acquired. 
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In one embodimoit, the computer 24 can control the ability of the system to focus, 
as well as zoom in/out on the specimen, and then store this information. 

Once the motorized mechanism 20 has positioned a desired well 1 8 in flie 
focal window 16, (he central processing unit 24 gmmtes an output signal on its 
5 output line 26 to the camera 12 m order to activate the camera 12 to produce 
signals on its output line 14 representative of the crystal image. These output 
signals are fed as input signals to the central processing unit 24 either directly via 
a port on the central processing unit 24 or via an appropriate input device 28, such 
as an appropriate video card. 

10 In order to ensure even illumination of the crystal specimoi during the 

image acquisition by the camera 12, preferably a fibor optic lighting system 30 is 
utilized as a back li^t under the tray 16. In one embodimrat, the computer 24 
can control the intensity of the lighting system 30, as well as the presence of light 
Additioruilly, die compute 24 can also control polarizing means, such as the angle 

1 S of polarization. Other illumination means, however, may alternatively be used. 

Following acquisition of the output signal fix)m the video camera 12, the 
central processing unit 24 stores the image on data storage media using a storage 
device 32. Since a digital representation of an optical image typically consumes 
a relatively great amount of memory, e.g. one megabyte, the data storage device 

20 32 is preferably a removable data storage media such as a JAZZ™ drive, ZIP™ 
drive or CD ROM, etc. Other types of media, including other types of removable 
data storage media, may alternatively be used. 

During the data acquisition of the image by the central processing unit 24, 
the technician also utilizes a keyboard 34 or other data input equipment together 

25 with a video monitor 36 to input data pertinait to the particular crystal specunen. 
Such data input can include, for exanq>le, the pH of the specimen, tempmture of 
the specunen» protein type of the specimra, detergents, additives, preservatives, 
reservoir buffer and associated variables of concentration, pH and volume, notes, 
score, drop descriptor, etc. Furthermore, in order to facilitate the entry of these 

30 additional parameters by the technician, the central processmg unit 24 preferably 
utilizes software templates displayed on the video monitor 36 to eliminate, or at 
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least minimize, the entry of redundant or repetitive information by the technician. 
Examples of such are included in Appendix A, incoiporated herem. 

The various parameters for each crystal specimen are also stored on data 
storage media, such as a hard drive 40, in a database and preferably m a relational 
5 database. Since tfie various parameters p^nent to the crystal specimens consume 
considerably less storage space than the optical images themselves, preferably the 
parametera are stored on the hard drive 40 separate fiom the optical images stored 
by the data storage device 32. In doing so, the parametera stored on the harf drive 
40 would include an index or pointer to the optical images stored by the data 

10 storage media unit 32 so that the various crystal parametera stored in the database 
may be easily correlated whenever desired to the optical images. 

The storage of the optical images of the crystals on data storage media as 
well as the storage of the crystal parametera in a database, such as a relational 
database, provide substantial advantages over the previously known photography 

15 and handwritten notes currently utilized by technicians. Perhaps most 
importantly, the use of a relational database allows the data to be analyzed, sorted, 
correlated and otherwise manipulated under software control by the central 
processing unit 24. The storage of the optical images on data storage media also 
provides a permanent record of the images without the previously known 

20 degradation and possible damage of photographs. 

Wiih refoence now to FIG. 2, an exemplary image of a crystal stored by 
the central processing unit on data storage media is there shown. The crystal 150 
includes a plurality of edges 152 having a certain degree of straightness. 
Additionally, the edges 152 of flie image of the oystal 150 may include gaps 154 

25 due to lighting deficiencies during the image acquisition, deficiencies of the 
camera 12, or for other reasons. 

With reference now to FIG. 3, a flow chart illustrating the operation of the 
present invention is there shown. At step SO, the program is initialized and the 
central processing unit 24 generates signals on its output line 25 to the motorized 

30 mechanism 20 (FIG. 1 ) in order to move the stage 22 to position the firat crystal 
tray well 18 within the focal window 16 of the video camera 12. Step 50 thwi 
branches to stq) 52. At step 52, the central processing unit 24 genmites an output 
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signal on line 26 to activate the video camera 12 to acquire the optical image and 
to input the optical image fiom the camera output line 10 of the camera 12 to the 
central processmg unit 24. Stq> 52 then branches to step 54. 

At stq> 54» the central processing unit 24 stores the optical image via the 
5 data storage device 32 (FIG. 1). Optionally, sq)propriate data compression 
software may be utilized to minimize the storage required by the optical image of 
the crystal storage. Likewise, optionally digital filtmng algorithms may be also 
utilized to remove extraneous noise and otherwise enhance the digital image prior 
to storage on the data storage media by the storage device 32 or 40. 

1 0 Concurrently with storing the optical image of the crystal on data storage 

media, die technician inputs various relevant parameters, sudi as pH, temperature, 
crystal growth duration, protein type, et cetera pertinoit to the ciystal under 
examination via the keyboard 34 or other input device. Preferably, the central 
processing unit 24 under software control provides appropriate templates to the 

1 5 technician replicating various parameters common to the various specimens in the 
trays 18 on the stage 22. In doing so, the entry of redundant or duplicative 
information by the technician between crystal specimens is minimized which 
minimizes not only the labor required from the lab technician, but also the entry 
of errors through human technician error. 

20 The various crystal parameters entered by the technician are also stored at 

step 54 by the central processing unit 24 on the data storage media 32 or 40 (FIG. 
I). Stored concurrently with the crystal parameters on the data storage media 32 
or 40 is an index or pointer which correlates the stored crystal parameters to the 
stored image on data storage media by the data storage device 32. 

25 Step 54 then branches to stq> 56 whereupon the central processmg unit 24 

generates output signals on its ou^ut line 25 to activate the motorized staged 
mechanism 20 to move the stage 22 to position the next well in the focal window 
16 of the camem 12. Step 56 then branches to step 52 where steps 52 and 54 are 
reiteratively mecuted until an optical image and ciystal parameters for each of the 

30 wells 1 8 on the stage 22 have been acquired and stored as previously described. 
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With reference now to FIGS. 4 and S» following the acquisition and storage 
of the images and crystal parameters, step 58 is then executed to analyze the stored 
image. Step 58 is illustrated in greater detail in FIG. 5 and FIG. 6. 

With ttfmsncc then to FIG. 5, during the analysis of the stored image, the 
5 program at step 60 executes a fast T-squared filter in order to locate and idaitify 
the edges of the crystal image. The fast T-squared filter is essentially a local 
digital filter which looks for a line defined as a set of co-linear pixels having a 
mean value different finom the mean value of adjacent pixels on both sides of the 
line. Preferably, the fest T-squared filter at step 60 computes the two sample T- 
1 0 statistic with a null value of 0. 

Preferably, the T-squared filter utilizes integer mathematics to minimize 
computing time required by the central processing unit. The T-squared filter at 
step 60 is also preferably a variable width T-filter which identifies lines having 
variable widths, e.g. a width varying in size from one pixel to five pixels. Step 60 
1 5 then branches to step 62. 

At step 62 a low pass filter is ^plied to the image to remove extraneous 
noise. Step 62 then branches to step 64. 

At 5tq> 64, the program *'fills" digitally any gaps, such as the gap 54 in 
FIG. 2, which may be present in the digitized image. Thus, following step 64, the 
20 program has identified not only the lines of the crystal, but also eliminated 
extraneous noise in the crystal image as well as completed any missing segments 
of the crystal edges due to deficiracy of the camera, lighting or the like. Step 64 
then branches to step 66 (FIG. 4). 

At step 66, the program "scores** or evaluates the crystal images and then 
25 stores the score or evaluation as one of the crystal parameters on the storage 
device 40. Such scoring includes examination and evaluation of the straightness 
of the crystal edges, the presrace or absence of defects in the crystal, firactures in 
the crystal and the like. 

With reference then to FIG. 6, during the analysis of the stored image, the 
30 computer is progranuned to analyze the optical image for the presence and count 
of protein crystals. As a part of the evaluation, the computer program identifies 
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the edges of the crystal and than analyzes the resulting data for its perimeter 
symmetry and roughness and c^ter of gravity. 

Preferably^ the present invration utilizes a 3x3 edge detection filter during 
its analysis of the optical image in order to identify the crystal edges» then the 
image is converted to a bmary image with a threshold of approximately 40 on a 
scale of 0 to 255 to reduce image artifacts. The size of the crystal is determined 
via perimeter connectivity analysis. Objects with a small perimeter are excluded. 
The net resulting image is analyzed for its roughness which is a measure of the 
perimeter divided by the convex perimeter. This metric is used to isolate the 
crystal firom the drop boundary and oth^ artifacts. The center of gravity is 
calculated on the remaining data to pinpoint the crystals. 

From the foregoing, it can be seen that the present invention provides a 
system for the automatic acquisition, storage and evaluation of crystal specimens 
under computer control. The use of software templates by the operator to 
minimize the entry of duplicative or repetitive information further enhances not 
only the reliability of the data inputted into the system, but also minimizes 
technician labor. 

A still further advantage of the present invention is the storage of the 
crystal parameters in a relational database which enables the manipulation and 
evaluation (i.e., experimental history, archiving, traid analysis, etc.) of the crystal 
parametm under computer control utilizing search and 3-D plotting capabilities. 
The storage of the crystal images in rraiovable data storage media separate from 
the storage of the crystal parametera also ensures that a large number of crystal 
parameters can be stored in the relational database with access to the crystal 
images always available. 

Having described our invmtion, however, many modifications thereto will 
be come apparent to those skilled in the art to which it pertains without deviation 
firom the spirit of the invention as defined by the scope of the appended claims. 

We claim: 



wo 99/04361 



PCT/US98/14776 




SUBSTITUTE SHEET (RULE 26) 



W099/D4361 PCTAJS98/1477< 

11 




SUBSnrUTE sheet (rule 26) 



wo 99/04361 



12 



PCT/US98/14776 




SUBSTITUTE SHEET (RULE 26) 




SUBSTITUTE SHEET (RULE 26) 



wo 99/04361 



IS 



PCTAJS9M4776 




SUBSTfTUTE SHEET (RULE 26) 



wo 99/04361 



16 



PCTAJS98/14776 



Oaims 



1 1 . A system for utilizing a distal computer to evaluate microscopic 

2 details of specimens, e.g. crystals, comprising: 

3 a camera which generates an output signal representative of an image 

4 positioned in a focal plane of the camera, 

5 means for automatically positioning a specimm in said focal plane, 

6 means for acquiring and storing said output signal fipom said camera, 

7 means for evaluating said stored image from said camera and for 

8 generating a result signal represmtative thereof, 

9 means for outputting said result signal. 

1 2. The invention as defined in claim 1 wherein said evaluating means 

2 comprises means for detennining presence of crystals. 

1 3. The invention as defined in claim 2 whmin said evaluating means 

2 further comprises means for determining the count of said crystals. 

1 4. The invention as defined in claim 1 and comprising means for 

2 gmonting three-dimensional surface plots of experimental data withm a database. 

1 5. The invention as defined in claim 1 and comprising means for 

2 automatically controlling zoom and focus. 
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AMENDED CLAIMS 
[received by the International Bureau on 1 1 December 1998 (1 1.12.98); 
original claims 1-S amended; new claims 6-14 added (2 pages)] 



1 1 . A system for utilizing a digital computer to evaluate microscopic 

2 details of specimens, e.g. crystals, comprising: 

3 a camera which generates an output signal representative of an image 

4 positioned in a focal plane of the camera, 

5 a tray which positions a specimen in said focal plane, 

6 a computer processing unit having a persistent storage device, which 

7 computer processing imit acquires said output signal from said camera, 

8 said computer processing unit being programmed to evaluate said stored 

9 image from said camera and for generating a result signal representative thereof, 

10 said computer processing unit being programmed to store said result 

1 1 signals in said persistent storage device. 

1 2. The invention as defined in claim 1 wherein each said specimen 

2 comprises at least one crystal. 

1 3. The invention as defined in claim 2 wherein said computer 

2 processing unit is programmed to count said crystals. 

1 4. The invention as defined in claim 2 wherein said computer 

2 processmg unit is programmed to generate three-dimensional surface plots of 

3 crystals within a database. 

1 5. The invention as defined in claim 1 and comprising a movable 

2 stage for automatically positioning said specimens in said focal plane. 

1 6. The invention as defined in claim 2 and comprising a T-squared 

2 filter to identify said crystals in each said specimen. 

1 7. The invention as defined in claim 6 where said T-squared filter 

2 comprises a software program executed by said computer processing unit 

AMENDED SHEET (ARTICLE 19) 
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1 8. The invention as defined in claim 5 wherein said computer 

2 processing unit generates output signals to control the movement of said movable 

3 stage. 

1 9. The invention as defined in claim 4 whraein data relating to said 

2 crystal(s) is stored in the database. 

1 1 0. The invention as defined in claim 1 and comprising a light source 

2 directed to said specimen. 

1 11. The invention as defined in claim 10 and comprising an optical 

2 fiber extending between said light source and said specimen. 

1 12. The invention as defined in claim 2 and comprising a computer 

2 algorithm executed by said computer processing unit for rating said crystals with 

3 respect to predetermined standards. 

1 13. The invCTition as defined in claim 2 and comprising a computer 

2 algorithm executed by said computer processing unit for simulating edges of 

3 crystals missing in said image generated by said camera. 

1 14. The invention as defined in claim 2 wherem said computer 

2 processing unit is programmed to determine ciystal size by determination of flie 

3 length of the perimeter of said crystals. 



AMENDED SHEET (ARTICLE 19) 



wo 99/04361 



1/3 



PCTAJS98/14776 



36- 



28 



DISPLAY ^ 



KEYBOARD 



34- 40- 
-32 



DATA 
STORAGE 



MOTORIZED ^ 
MECHANISM 



20 



FIG-1 



24 

1 



VIDEO CARD 



CPU 



HD 



25- 



26 

z 




10 



^ VIDEO 
^ CAMERA 



MOTORIZED 
MECHANISM 



12 



18 



OPTICS 



LCVR 



16 



TRAY 



MOVABLE STAGE 



FIBER OPTIC 
LIGHTNING SYSTEM 



30 



FIG -2 



154 




150 



152 



SUBSTITUTE SHEET (RULE 26) 



2/3 



PCTAJS98/14776 




STORE 




MOVE TO 


IMAGE 




NEXT 






1 



FIG -3 



58 



ANALYZE 
IMAGE 




FIG -4 



SUBSrmiTE SHEET (RULE 26) 



wo 99/04361 



3/3 



PCTAJS98/14776 




LOW PASS 

FILTER 




FIG -5 




BINARiZE 
IMAGE 



I 



PERIMETER 
ANALYSIS 



I 



ROUGHNESS 
ANALYSIS 



I 



CENTER-OF- 
GRAVITY 
ANALYSIS 



FIG -6 



SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



Intmatknud appUcation No. 
PCr/US98/t4776 



A. CLASSIFICATION OF SUBJECT MATTER 
IPQfi) :G06K 9/00 
USCL :382/100 

Acoonting to Istematioiial PateoX ClasiUkatioa (IPC) or to both natkmal clawificatkm and IPC 



B. FIELDS SEARCHED 



Minimum ck>ctmicntation acarchcd (dassaficatkm aystem followed by classification symbols) 
U.S. : 382/100, 108, 109; 356O0 



Documentation searched other than 



documentation to the extent that such documents aie included in the fields searofaed 



Ekctronio data base consulted during the tnteniational search (name of data base and, where pra 



C DOCUMENTS CmSDERED TO BE RELEVANT 



Category^ 



Citation of document, with i nd ic a tion , where appropriate, of the rdcwnt passages 



Relevant to chum No. 



X 
A 



US 5,544,254 A (HARTLEY et al.) 06 August 1996; column 4, line 
52 through column 5, line 11; column 5, lines 21-27; column 5, line 
44 through column 6,^ line 10. 

US 5,076,698 A (SMITH et al.) 31 December 1991; column 1, line 
64 thnmgh column 2, line 40. 

US 5,193,685 A (TREVrTHICX) 16 March 1993; see the entire 
document 

US 5,124,935 A (WALLNER et al.) 23 June 1992; see the entire 
document 

US 4,900,147 A (BOWLEY et al.) 13 February 1990; see the entire 
document 



1-5 

1-5 
1-5 
1-5 
1-5 



|~j Ruther documents are listed in the continuation of Bo» C. PI See patent fiunily anneaL 



■A* 



docwnnAdeliBiDf die scnerat «Mto of the «rt wbtdi it 

Id b0 of pWtkxllWBlBVHIOB 



•X- 



•B" cnfiBrdocaoHatpiibGiiwdooorafWttoiDtcml^ 
*L* dooMBoftwlikfc angr Iknnr doubli oa priori^ dtuaff^^ or ^Mtk m 

"O" ilmiiwl ic fei ii m to M ocai diKkMure, mc, nhShMm or other 



^mrfiTBhrd prfcy <p Ihp iaSfi nMlwml fiSna date bol luer tt— 




Date of die acnud completion of die international seanh 
16 SEPTEMBER 1998 



Date of mailing of the intemational search rqx>it 

190CT1998 



Name and mailing address of the ISAAIS 



Box per 

Wuhngllim, D.C. 20231 
Pacsinlik No. (JiQ) 30S-3230 



Authorized ofSoer ^ ^ 

ANDREW W. JOHNS Ofj^^P^ — ^ 
Telephone No. C703) 305-3900 



Foim PCT/ISA/210 (leeoQd aheetXIuly 1992)* 



